INTRODUCTION
============

Obstructive uropathy is a commonly encountered problem in clinical practice. It refers to structural impedance to the flow of urine anywhere along the urinary tract leading to pelvicalyceal dilatation. Renal parenchymal damage resulting from obstructive uropathy is termed "obstructive nephropathy" ([@B1]). Obstructive uropathy is often secondary to anatomical pathologies of the urinary tract or the genital system. Obstructive uropathy is a known predisposing factor to urinary tract infection, urolithiasis and post-renal renal failure ([@B2]). Prompt and accurate diagnosis is crucial to salvaging the affected kidney. The purpose of this study is to assess the renal arterial hemodynamic changes in obstructive uropathy using duplex sonography, and to evaluate the ability of this modality to differentiate obstructed from non-obstructed kidneys.

MATERIALS AND METHODS
=====================

This prospective, non-randomized, case-control study was carried out in a tropical university teaching hospital from July, 2011 to June, 2012. Approval for the study was obtained from the Ethics and Research Committee of the hospital. Verbal informed consent was obtained from all participants. Sixty adults aged 18 years and above, referred for ultrasonography with symptoms of obstructive uropathy along with 60 age-and sex-matched apparently healthy control subjects were recruited consecutively by the urologist and referred to the sonologist who was blinded to the clinical status of the subjects to minimize bias. The sonologist who carried out the examination was a third year resident at the Radiology department of the institution while the urologist had been practicing as a specialist for 15 years. All subjects had no clinical symptoms and signs, or sonographic features of urinary tract infection. Any participant with clinical symptoms (dysuria, flank pain), signs (renal angle or suprapubic tenderness), or sonographic features (thickened urinary bladder wall, urine containing mobile low-level internal echoes) suggestive of urinary tract infection were excluded from the study. Pregnant women, sickle cell disease patients, diabetic patients, subjects with renal artery stenosis, smokers, hypertensive patients, subjects with congenital renal anomalies, and subjects with elevated urea and creatinine values were excluded from the study. Their age, sex, symptom duration and prospective diagnosis were documented. Subjects who presented as emergency were examined immediately while the others were examined after at least eight hours fasting to reduce intra-abdominal gas and enhance visualization of the renal arteries.

Renal sonography was done in both supine and prone positions using 3.5-5MHz transducer of MINDRAY^®^ Real time Ultrasound Machine: Model DC-6 (Shenzhen Mindray Bio-medical Electronics, Nanshan, Shenzhen, China). Both kidneys of each subject were initially examined by ultrasonography to rule out congenital anomalies and renal artery stenosis and then to assess for caliectasis. The presence of hydronephrosis was documented for each subject on B-mode and graded as described by Sehata et al. ([@B3]) Thereafter, Doppler studies (color and spectral) of the interlobar arteries was done as previously described ([@B4]). The Doppler mode was activated with the Doppler angle adjusted to 60 degrees or less and kept parallel to the vessel wall. The sample gate size used was 1mm. The interlobar artery resistive indices were recorded for each kidney in subjects and controls by taking three reproducible wave forms from each kidney and averaging them to derive the mRI of the kidney. Finally, a general abdominopelvic ultrasound was done to determine the possible cause of obstruction. Independent samples t test was used to compare the mean age and mRI of subjects and controls. One-way analysis of variance (ANOVA) was used to compare means of variables where there were three or more groups. Chi square test was used to evaluate categorical variables e.g. grades of caliectasis in the proportions of male and female patients. The significance level was set at p\<0.05. Data analysis was done using the Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA), version 17.0 for Windows.

RESULTS
=======

There were 120 participants comprising 60 study subjects and 60 controls. The study subjects comprised 27 (45%) men and 33 (55%) women, while the controls comprised 32 (53%) men and 28 (47%) women; p=0.465. The mean age of the study subjects was 48.68±16.69 years (mean±SD) while that of controls was 36.97±11.19 years.

Of the 60 subjects, 13.3% were below 30 years of age, while 23.3%, 20% and 8.3% were in their 4^th^, 5t^h^ and 6^th^ decades of life respectively. Twenty-one (35%) subjects were aged 60 years and above. Sixteen (26.7%) controls were younger than 30 years of age, while 40%, 16.7% and 10% were in their 4th, 5th and 6th decades of life, respectively. Four (6.7%) controls were aged 60 years and above.

The median symptom duration in subjects was 8 months with a range of 1 week to 5 years.

Twenty (33%) subjects had uterine fibroid, 16 (27%) had enlarged prostate, 9 (15%) had pelvi-ureteric junction obstruction, 7 (11%) had urinary bladder mass; 4 (7%) subjects each had ovarian cysts, cervical carcinoma, rectal carcinoma, ureteral stricture and vesico-ureteral obstruction respectively.

Twenty (33.3%) subjects had unilateral obstruction (either left or right kidney), of which 19 (31.7%) had only right renal obstruction while 1 had only left renal obstruction. Thirty-three (55%) subjects had bilateral obstruction while 7 (11.7%) subjects had no obstruction at all on B--mode sonography.

Based on the assessment of the right kidney, 15 subjects (7 men and 8 women) had grade I caliectasis, 22 (12 men and 10 women) had grade II caliectasis, 14 (five men and nine women) had grade III caliectasis while nine (3 men and 6 women) had grade IV caliectasis ([Table-1](#t1){ref-type="table"}). The mRI of the right kidney of subjects was 0.72±0.04, while that of their left kidney was 0.69±0.06 (p=0.000). In the controls, the mRI of the right kidney was 0.64±0.04 while that of the left kidney was 0.63±0.03 (p=0.598), ([Table-2](#t2){ref-type="table"}).

###### Grades of right renal caliectasis and mRI in subjects.

                  Caliectasis with normal mRI   Caliectasis with increased mRI   Total
  --------------- ----------------------------- -------------------------------- ---------
  **Grade I**     1                             14                               **15**
  (%)             (6.7)                         (93.3)                           (100.0)
  **Grade II**    1                             21                               **22**
  (%)             (4.5)                         (95.5)                           (100.0)
  **Grade III**   0                             13                               **13**
  (%)             \-                            (100.0)                          (100.0)
  **Grade IV**    5                             4                                **9**
  (%)             (55.6)                        (44.4)                           (100.0)
  **Total**       7                             52                               **59**
  \%              11.9                          88.1                             100.0

Pearson x^2^=19.69, df=3, p=0.000

###### Mean Resistive Index (mRI) in the study participants.

                   Right kidney   Left kidney   p Value   Note on analysis
  ---------------- -------------- ------------- --------- ---------------------------------
  Subjects, n=60   0.72±0.04      0.69±0.06     0.000     paired t test, r = 0.4; p=0.000
  Controls, n=60   0.64±0.04      0.63±0.03     0.598     paired t test, r = 0.8; p=0.000

The mRI of the right kidney in male subjects was 0.72±0.04 while that of the female subjects was 0.73±0.04 (p=0.703).

Based on a cut-off mRI value of \>0.70, the presence of obstructive nephropathy as documented on B-mode ultrasound was predicted with a sensitivity of 86.7% indicating 52 of the 60 study subjects were identified correctly. The specificity at the same value was 90% indicating 54 of the 60 controls were predicted correctly as not having obstructive nephropathy as adjudged by absence of caliectasis. Fifty-two (86.7%) subjects had right renal obstruction (mRI\>0.70) while 8 (33.3%) had normal right kidney (mRI\<0.70). Thirty-four subjects (56%) had left renal obstruction while 26 (43.3%) had normal left kidneys.

Analysis of the relationship between grades of caliectasis and mRI of the right kidney showed that in grade I, 1 subject had normal mRI while 14 subjects had increased mRI. In grade II, 1 subject had normal mRI while 21 subjects had increased mRI. All the subjects in grade III had increased mRI. In grade IV, 5 subjects had normal mRI while 4 had increased mRI. The mRI by grades of obstruction increased steeply from grade I to III but fell rapidly with the most severe level of obstruction ([Table-3](#t3){ref-type="table"}). This change was statistically significant (p=0.030). In other words, renal mRI rose with increasing severity of obstruction up to certain level above which it was less remarkable ([Figure-1](#f1){ref-type="fig"}).

###### One way ANOVA for right renal mean resistive index by severity of obstruction.

                             N        Mean mRI     Std. Deviation   95% Confidence Interval   
  -------------------------- -------- ------------ ---------------- ------------------------- ----------
  **Grade I**                15       0.7220       0.0336           0.70                      0.74
  **Grade II**               22       0.7341       0.0314           0.72                      0.75
  **Grade III**              13       0.7346       0.0161           0.72                      0.74
  **Grade IV**               9        0.6911       0.0683           0.64                      0.74
  **Total (All subjects)**   **59**   **0.7246**   **0.0395**       **0.71**                  **0.73**

![Graph of mean resistive index (mRI) versus degree of caliectasis.](1677-5538-ibju-41-3-0556-gf01){#f1}

When the grades of caliectasis in unilateral and bilateral obstruction were compared, there were no statistically significant differences in the proportion of subjects with unilateral or bilateral obstruction across each grade of caliectasis (p=0.798).

Comparison of right renal mRI of the unilaterally and bilaterally obstructed right kidney showed no significant difference between the two groups (p=0.171).

One way ANOVA comparing right and left kidney mRI values in cases of bilateral obstructive nephropathy across the grades of caliectasis showed that there was no significant difference in the mRI values (p=0.270 for the right kidney, and 0.480 for the left kidney). There was a moderate positive correlation between the age of study subjects and right renal mRI (r=0.4, p=0.006). This correlation was also found with the right mRI of the controls (p=0.000). This means that the right renal mRI increased with age in both subjects and controls.

DISCUSSION
==========

Ultrasonography is cheap, readily available, and also easily identifies the cause of obstructive uropathy. In this study, uterine fibroid was the commonest cause of obstructive uropathy in women while enlarged prostate was the commonest cause in men. This is similar to the findings by Soyebi et al. ([@B5]).

This study showed that most study subjects had raised right renal mRI, which may indicate the presence of obstructive uropathy. This was supported by the accompanying calyceal dilatation on grey-scale examination. With urinary obstruction, there is elevation of the pressure within the intrarenal collecting system. This can induce reduction in renal blood flow as a result of increased renovascular resistance. An increase in intra-renal vascular resistance diminishes diastolic blood flow velocity in intrarenal arteries and subsequently, the RI is increased ([@B6]).

The subjects had significantly higher right and left renal mRI than the controls (p=0.000).

This means that renal artery hemodynamics change in response to urinary tract obstruction.

Therefore, intra-renal duplex Doppler sonography can provide physiologic information reflecting the renal hemodynamic status by means of the RI ([@B7]).

Our sensitivity and specificity using the renal mRI cut-off of 0.70 in the diagnosis of obstruction were 86.7% and 90% respectively. This is close to what Platt and his coworkers ([@B8]) reported. They had a sensitivity of 92% and a specificity of 88% and an overall accuracy of 90% in diagnosing the presence or absence of obstruction in an adult population. Gottlieb and colleagues ([@B9]) also reported a sensitivity of 100% in a smaller group of adult subjects. However, a similar study carried out by Chen and coworkers ([@B10]) reported a low sensitivity of 53%. The discordance in results could be due to the differences in the degrees of urinary tract obstruction and the potential vasodilatory effects of non-steroidal medications typically used for the treatment of pain associated with obstructive uropathy ([@B11], [@B12]).

This study also showed that the mRI by grades of obstruction increased steeply from grade I to grade III but fell rapidly with the most severe levels of obstruction. This observation was also reported by Platt et al. ([@B13]) where a markedly hydronephrotic kidney did not show an increase in RI (i.e. RI\<0.70) despite the presence of what was thought to be obvious severe obstruction. This lack of response is believed to be caused by a marked decrease in absolute blood flow in chronically high grade obstruction (grade IV), and decreased filtration pressure produced by minimally functioning renal cortex or elevated compliance in a capaciously dilated collecting system ([@B14]). Rawashdesh et al. ([@B15]) also observed that in chronic renal obstruction with marked parenchymal loss, the RI does not change. This was attributed to the probable absence of vasoconstriction at that stage.

CONCLUSIONS
===========

Mean resistive index (mRI) effectively demonstrates the hemodynamic changes in the renal artery and values ≥0.70 are highly sensitive and specific for identifying an obstructed kidney. Therefore, it may be a very useful tool in patients in whom excretory urography cannot be done or is contraindicated. A limitation of this study is that no other investigative modality was used to corroborate the diagnosis or exclusion of obstructive uropathy in the participants.
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